Introduction
Suboptimal treatment adherence is widely viewed as a pervasive impediment to the successful treatment of chronic illness. Studies have consistently shown that lower adherence is associated with diminished efficacy and increased health care costs. [1] [2] [3] [4] [5] [6] Health insurance plans have long shown interest in the measurement and monitoring of adherence to medications included in their formularies, and will likely continue to do so as they attempt to develop and incorporate strategies designed to increase adherence into their health care quality improvement efforts.
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While most medications are used primarily in the treatment of a single or small number of closely related diseases, some, like those in the antidepressant class, are used in more than one disease state. Most published studies addressing the quantitative measurement of adherence focus on one or more drugs or drug classes in the treatment of a single medical condition. In fact, we know of but two studies published within the past 25 years that attempted direct comparisons of adherence across multiple chronic medical conditions. 8, 9 Both reported variable, but uniformly suboptimal, medication adherence across the chronic disease states included in their studies. Neither, however, addressed the use of a single pharmaceutical agent across a range of medical conditions, nor included antidepressants among the agents studied.
Duloxetine, a dual serotonin (5-hydroxytryptomine) and norepinephrine reuptake inhibitor, 10 considered a member of the antidepressant class of medications, has been shown to be efficacious in several mental and chronic pain conditions: major depressive disorder (MDD); 11 generalized anxiety disorder (GAD); 12 fibromyalgia (FM); 13 diabetic peripheral neuropathic pain (DPNP); 14 and chronic musculoskeletal pain, as established in studies in patients with osteoarthritis (OA) 15 and chronic lower back pain (CLBP). 16 Claims-based retrospective studies of duloxetine adherence and/or persistence have been conducted separately in MDD, 6, 17, 18 FM, 5, 19 and DPNP, 4, 20 but none were designed to provide a direct comparison across multiple disease states within a uniform analytical framework. Statistically meaningful comparisons across the individual studies are hampered by the use of different data sources and study periods, variations in analytical methods, and a variety of technical assumptions made in the calculation algorithms used to estimate adherence rates.
The objective of the present study was to apply a single, uniform methodology for measuring and comparing rates of duloxetine treatment adherence across a range of chronic medical conditions, for which it has demonstrated efficacy, with particular attention paid to whether or not, and by how much, adherence varies across mental and chronic pain conditions.
Materials and methods
Data source and patient selection criteria
Data utilized in this study were drawn from a large national managed care database (Thomson Reuters MarketScan ® Commercial Claims and Encounters Database; Thomson Reuters, New York City, NY, USA) for [2007] [2008] [2009] . The database provides access to integrated inpatient, outpatient, and pharmacy claims data, as well as demographics (for example, age, geographic region of residence), health insurance plan type, and enrollment status (beginning and ending dates of health insurance plan enrollment and, hence, plan eligibility) on employees and their dependants from more than 100 large employer-sponsored health insurance plans in the United States. Medical records included dates of service and International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) diagnosis and procedure codes. Pharmacy records provided the National Drug Code, dispense date, and quantity dispensed for each duloxetine prescription filled during the study period. Patients included in the study were aged 18-64 years who initiated duloxetine therapy between January 1, 2008 and December 31, 2008. The date of the first filled prescription for duloxetine during the study period for which there was no duloxetine pill coverage during the previous 90 days (look-back period) was defined as the index date. The study was restricted to patients who were continuously enrolled in their health insurance plan from 12 months before to 12 months after that index date.
Study patients were required to have at least one medical claim with an associated inpatient or outpatient diagnosis of one (and only one) of the following medical conditions (defined in terms of ICD-9-CM codes, listed in parentheses): MDD (296. Patients initiating duloxetine who had two or more of the six studied conditions were not included in this study, thereby avoiding the need to differentiate between primary and secondary diagnoses from the claims records. The qualifying diagnosis had to be between 3 months prior and 1 month following the index date. Because ICD-9-CM codes for lower back pain do not distinguish between chronic and acute conditions, patients were required to have received care coded with at least two lower back pain diagnosis codes more than 90 days apart to qualify for inclusion in the CLBP study cohort. 21 Because an initial diagnosis of OA is frequently replaced with a different diagnosis code in subsequent patient visits, inclusion in the OA cohort required a second OA diagnoses within 1 year (preceding or following) the index date.
adherence
There are a variety of definitions and algorithms available for use in retrospective studies of adherence. 22, 23 We defined adherence on the basis of the medication possession ratio (MPR) for each patient. 24 More specifically, we calculated MPR as the total number of days of duloxetine therapy dispensed during the 12 months after the index date, 
77
adherence to duloxetine treatment divided by 365. 23, 25 The adherence rate was defined as the percentage of patients with an MPR $0.8.
statistical analysis
Descriptive statistics were used to summarize patient demographic characteristics, MPR, and adherence rates. Pairwise comparison cohorts were examined via Student's t-tests for MPR (a continuous variable); chi-square tests were used for categorical adherence rate estimates.
We also conducted stepwise multiple logistic regression analysis to allow us to re-examine the statistical significance of observed adherence rates after adjusting for potentially confounding factors, which were suggested in previous studies of duloxetine treatment adherence in MDD, FM, and DPNP. [4] [5] [6] [17] [18] [19] [20] A model was specified for adherence versus nonadherence, as defined above, and included an indicator for the condition treated, as referenced against MDD. Variables suggested in previous research for individual medical conditions were incorporated into the model: demographics (patient age, sex, geographic region of residence, and health insurance plan type); comorbid health conditions; pre-index date medication history; and initial dosing levels. Also included at entry to the stepwise multiple logistic regression analysis were all 17 ICD-9-CM classes of body system disorders; 27 selected individual diseases or disease categories that are associated with depression, chronic pain, safety, or efficacy of treatment; 17 individual medications or medication categories, for which prescriptions were dispensed within the 12 months prior to index; and treatment dose, which was grouped as low (subtherapeutic dose: ,60 mg/day), medium (recommended dose: 60 mg/day), and high (above the recommended dose: .60 mg/day), as given on the duloxetine product label. 26 Data processing and statistical analyses were conducted with SAS version 9.2 (SAS Institute Inc., Cary, NC, USA). Statistical significance testing of adherence rates was conducted at the 0.05 level, while the stepwise logistic regressions were conducted with 0.1 as the entry and 0.05 as the exit significance levels.
Results
Of a total of 175,509 patients in the managed care database who initiated duloxetine treatment between January 1, 2008 and December 31, 2008, 48,280 met the continuous enrollment criteria. Of these, a total of 20,490 recorded diagnoses within 90 days before and 30 days after the study index date for only one of the studied conditions during the designated diagnosis period, which were distributed across the study cohorts as follows: MDD (number [n]=8,334); GAD (n=1,477); FM (n=3,630); DPNP (n=607); OA (n=1,458); and CLBP (n=4,984).
Patient demographic characteristics for the study sample are reported in Table 1 . Most of our sample was composed of women (74.3%). The largest proportion of women was found among duloxetine initiators diagnosed with FM (90.3%), the smallest among those with DPNP (55.7%). The average age of our sample was 46.3 years. Individuals with OA (mean =53.4 years) and DPNP (mean =53.1 years) formed the oldest groups, while those with GAD (mean =41.5 years) and MDD (mean =44.2 years) formed the youngest. Preferred provider organizations were the most common health insurance plan type in our sample, with no notable variations across study cohorts. The database used in this study is dominated by subjects from the south (and, to a lesser extent, the north central) area of the United States, and this is reflected in our sample.
Adherence rates for each of the disease states are presented in Table 2 . In our sample, the average MPR was 0.54 and the rate of adherence was 34.6%. Pairwise statistical tests showed that the adherence rate among patients with MDD (37.3%) was significantly higher (P,0.05) than for any other patient cohort, except OA (35.7%). The adherence rate among patients with CLBP (29.9%) was significantly lower (P,0.05) than for any other cohort, with the exception of DPNP (31.0%). The adherence rate for patients with DPNP was significantly lower (P,0.05) than for any other cohort, except CLBP and GAD (33.5%).
The results of the stepwise logistic regression, including odds ratios and confidence intervals, are presented in Tables 3  and 4 . Regression results showed that patients with MDD were significantly more likely to be adherent than patients with DPNP, OA, and CLBP. Females were significantly more likely to be adherent to duloxetine treatment than were men, as were older patients (relative to those 18-25 years old). Health insurance plan type did not have a significant effect on adherence rates, while geographical differences were limited to a somewhat greater likelihood of adherence by patients from the north central United States versus those from the south. Patients initiating on duloxetine treatment at the recommended level of 60 mg/day were more likely to be adherent than those initiating at doses greater than or less than 60 mg/day.
A number of variables related to patient medical history (comorbidities, body system disorders, and prior medication use) were also identified by the logistic regression as submit your manuscript | www.dovepress.com
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able et al affecting observed adherence rates. Infections, insomnia, miscellaneous pain conditions, and psychiatric disorders (other than MDD and GAD) were related to lower adherence to duloxetine treatment, while nerve conditions, dyslipidemia, sleep apnea and OA (prior to the look-back period) were positively related. Prior use of benzodiazepines, duloxetine (pre-washout), muscle relaxants, and opioids was related to lower adherence, while prior use of nonduloxetine serotonin and norepinephrine reuptake inhibitors and selective serotonin reuptake inhibitors (SSRIs) was related to higher adherence.
Discussion
The purpose of this study of 20,490 commercially-insured patients initiating treatment with duloxetine during 2008 was to calculate and compare adherence rates for a single medication across multiple medical conditions using a single data source, over identical study periods, with a uniform set Abbreviations: MDD, major depressive disorder; n, number; GAD, generalized anxiety disorder; FM, fibromyalgia; DPNP, diabetic peripheral neuropathic pain; OA, osteoarthritis; ClBP, chronic lower back pain; n, total number of patients; sD, standard deviation; PPO, preferred provider organization; hMO, health maintenance organization; POs, point of service; CDhP, consumer-driven health plan. 
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adherence to duloxetine treatment of technical definitions and assumptions in its calculation algorithms. To our knowledge, this is the first study to assess adherence rates of a single pharmaceutical agent across different medical conditions in a consistent, unified manner. Published estimates of medication adherence in the United States vary across different medical conditions, but it is thought that adherence among patients with chronic conditions is lower than among those with acute conditions. 27 Indeed, as few as 50% of patients with chronic conditions take their medications as prescribed. 28 Overall, the duloxetine adherence rates that we observed were consistent with these findings. In none of the six conditions we studied did duloxetine adherence rates exceed 40%. Across all studied conditions, the adherence rate for duloxetine averaged 34.6% (mean MPR =0.54).
We found modest variation in adherence rates across the six medical conditions included in this study. These variations were most prominent in comparisons of mental health versus chronic pain conditions. Adherence rates were highest among patients with MDD (37.3%). The lowest rates of duloxetine adherence were recorded among patients with CLBP (29.9%) and only slightly higher among those with DPNP (31.0%). Adherence rates were statistically significantly greater among patients with MDD than among any other cohort, save the OA cohort, while significantly lower among patients with CLBP than among any other cohort, other than the DPNP cohort. Averaged together, the adherence rate for MDD and GAD was 36.7%, while for the four chronic pain conditions, it was 32.6% (P,0.0001).
Our estimate of duloxetine adherence rates among patients with MDD was similar to that reported by Liu et al 18 (38.1%), but much different than that reported by Liu et al 6 (55.8%). Much of the difference between these estimates is most likely due to the use of a 180-day versus 365-day adherence rate measure, reinforcing the importance of using consistent methodologies to compare measures of adherence across different studies.
Results of the stepwise logistic regression were very similar to those reported in individual MDD, FM, and DPNP studies. [4] [5] [6] [17] [18] [19] [20] The dichotomy between mental and chronic pain was further supported by results of our logistic regression analysis. After adjustment for potentially confounding factors, the odds of duloxetine adherence among patients with GAD did not differ significantly from those with MDD, despite a statistically significant difference in the observed rates. The lower adherence rates among patients with GAD may be caused by higher percentages of younger male patients in that cohort since our regression analysis revealed that lower adherence rates are associated with these demographic groups. Conversely, the odds of adherent behavior among patients with OA were significantly lower than for the MDD cohort, despite the fact that the observed rates for OA and MDD were not significantly different. This disparity between observed and calculated rates may be caused by higher percentages of older, female patients in the OA cohort. No significant differences in the odds of adherence across the CLBP, OA, and DPNP patient cohorts were noted.
As for the differences observed across the mental and physical pain spaces, our regression analysis identified that prior use of SSRI antidepressants had a positive impact on adherence, and prior use of pain medications, particularly opioids, had a negative impact. Patients having previously experienced SSRI treatment, who are more commonly found among depressed or anxious patients than among patients with chronic pain (without comorbid depression), may have better tolerance and response than those without such experiences. Duloxetine inhibits both serotonin and norepinephrine reuptake. If patients have used SSRIs in the past, the risks for some side effects and intolerability due to serotonin reuptake inhibition might be reduced. 17 On the other hand, prior use of pain medications, and in particular, opioids, is a more common occurrence in the chronic pain-than the mental health-related cohorts, and this may promote certain patients' beliefs about their condition that are different from patients without such experiences. Patients with a history of prior pain medications may have more experience with "as needed" treatment regimens, which may make deviating from recommended daily dosing of duloxetine more common. Similarly, patients with prior pain medication experience, particularly those with a history of opioid medications, may have concerns with the potential for addiction to any medication used for pain, despite duloxetine's nonaddictive profile. They may, therefore, fail to follow completely their physician's recommendations regarding dosage amount and frequency, thereby reducing their calculated medication adherence rates. Other differences between conditions may have to do with differences in efficacy, for which information is unavailable in claims data sets.
Several limitations associated with this study are worthy of consideration. Primary among these is, as with all studies of this type, that we based the calculation of MPR and length of therapy on pharmacy claims data. Ideally, these calculations would be based on drug exposure rather than drug acquisition. However, research has shown that the rate of drug acquisition is predictive of drug exposure. 29 Another limitation is that pharmacy claims records, such as those used in this study, do not indicate directly the medical condition for which a drug is prescribed, so the accuracy of our data depends on the correlation of pharmacy and medical claims within prespecified data ranges. Further, the integrated claims data set used in this analysis does not include information on benefit structure and, hence, is incapable of providing any information regarding possible differences in plan structure across diseases. Also, our analyses of adherence in the treatment of CLBP and OA predated the United States Food and Drug Administration's approval of duloxetine for use in these conditions. Findings for CLBP and OA are thus to be viewed as providing early evidence for adherence rates in these two chronic musculoskeletal pain conditions, which are to be revisited as more data become available. Also, the analyses conducted were limited to patient cohorts associated with only one of the six targeted medical conditions. Analysis of the impact of comorbidities across these disease states was beyond the scope of this study. Finally, the primary objective of this study was to use a standardized set of assumptions for calculating adherence rates and, therefore, our measures were based, of necessity, on arbitrary cutoffs. For example, we defined adherence based on 365 days. To determine the impact of this definition, we also calculated adherences based on 180 days and 90 days. Adherence rates based on these cutoffs were larger, but the relationships between these rates across cohorts remained the same (data not shown). Similarly, changing the cutoff gap between prescriptions from 30 days to 15 days or 45 days did not change the relative adherence rates across the studied conditions (data not shown).
Conclusion
Treatment adherence among patients who were newly initiated on duloxetine varied modestly across the medical conditions for which it was used. After adjusting for potential confounders, the differences between the studied mental conditions (MDD and GAD), and three of the four chronic pain conditions, were clearly established. These results suggest that not just the drug, but the particular condition treated, should be taken into account by health plans when measuring, monitoring, and comparing adherence rates. 
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